Artificial bee colony (ABC) is one of very effective intelligence optimization algorithms, which has good performance in solving global optimization problems(GOPs). However, the ABC algorithm performs relatively poorly in complex GOPs for some weaknesses, such as slow convergence and poor exploitation. An improved artificial bee colony algorithm named SABC algorithm is proposed, which combines the ABC algorithm and the simplex method for GOPs. In SABC algorithm, the simplex method is employed to update the food sources which cannot be improved after limit updates in the ABC algorithm. The proposed SABC algorithm takes not only the advantages of directness, simpleness and small calculation amount of simplex method, but also the strong global search ability of ABC algorithm. The accurate and rapid local research ability of the simplex method can guarantee to avoid some blind meaningless iteration in the ABC algorithm. The validity has been verified by the numerical experiments on 9 benchmark GOPs. The numerical result show that the proposed SABC algorithm has faster convergence speed and better convergence accuracy compared to the basic ABC algorithm.
Introduction
Artificial bee colony algorithm is a swarm intelligence optimization algorithm proposed by Karaboga [1] - [3] . It has good ability for global optimization and has some advantages such as simple operation, easy realization, less control parameters, simple calculation, wide application, etc. Like other swarm intelligence algorithms, however, the artificial bee colony algorithm has the disadvantages of low convergence precision and slow convergence speed in solving the problems of function optimization [4] . Therefore, scholars have conducted in-depth research and proposed some improved artificial bee colony algorithms, which have achieved good numerical results [5] , [6] . Wei, et. al. [7] substituted the traditional roulette model with pheromone and sensitivity model in the free search algorithm, and used OBL strategy to produce new food source to replace the worst food source in each iteration in the onlooker bee stage, which improves the convergence accuracy and convergence rate of ABC algorithm. To accelerate the convergence speed of ABC algorithm, Yang, et. al. [8] proposed a strategy of adjustable pressure sorting and adjusted the onlooker bee stage to a dynamic strategy set by comparing the qualities of food sources in each evolution. Du, et. al. [9] used the chaos operator in the local search strategy on the current optimal solution, and endowed the onlooker bee with the bacterial chemotaxis behavior to improve the local search ability of the ABC algorithm. Banhamsakun, et. al. [10] proposed an adaptive greedy search method which was used in the onlooker bee stage and made full use of successful search experience to reduce the blindness of the ABC algorithm. It is noted that these improved ABC algorithms can enhance the convergence performance of the ABC algorithm in a large part. However, no one algorithm can get all ideal global minimum point for all optimization problems. Therefore, it is of high research value to modify the ABC algorithm to improve its optimization effect and expand its adaptation range.
An improved artificial bee colony algorithm (SABC) is proposed, where the simplex method is employed to improve the convergence performance of ABC algorithm. The SABC algorithm makes full use of the fast local search ability of the simplex method and the global optimization ability of ABC algorithm. The faster convergence speed and higher convergence precision of SABC algorithm has been verified by the numerical experiments on 9 benchmark GOPs.
Basic Artificial bee Colony Algorithm and Simplex Method
The unconstrained continuous optimization problems can be expressed as follows.
Basic Artificial Bee Colony Algorithm
The ABC algorithm is a swarm intelligence algorithm based on the intelligent forge behavior of honey bee colony, which can achieve the search goal through the cooperation and information communication among individuals. The unique mechanism of ABC algorithm is role transformation, by which the employed bee, onlooker bee and scout bee collaborate on seeking for high quality food source. In the process of searching for optimization in ABC algorithm, the roles of the three kinds of bees are different: the employed bees are used to maintain excellent solutions; the onlooker bees are used to improve convergence speed; the scout bees are used to get out of local optimal solutions. When ABC algorithm is employed to solve the optimization problem, the location of the food source are abstracted into the points in the solution space,which represent the potential solutions of the problem.The swarm is made up of the employed bees and scout bees. The amounts of each kind of bees are equal and equal to the amount of honey.
The initial population contains NP food source, each of which is represented by an n dimensional vector ] ,..., ,
and t is the number of iterations.The vectors 
Initialization stage
In the initialization stage 
Employed bee stage
In the search stage, each employed bee makes the neighborhood search around the current food source and a new candidate food source position is produced by Eq (5), (6) ,
n ,which means the employed bee select one dimension randomly to search, j is randomly picked up from   NP , , 2 , 1  and i j  ,  is a random real number in the range[-1,1], which determines the amplitude of disturbance, m is one dimension of vector and d m  . If the new solution i V is better than the original solution 1  t i X , according to the fitness value,
X is kept to the next generation and the counter increases by 1. The process is as follows,
Onlooker bee stage
All the employed bees complete a search and fly back to the exchange area to share their information. Onlooker bees exploit a selected food source, whose position information is shared by the employed bees. The probability of the i th food source position selected by onlooker bees is calculated as follows,
A random number r in [0,1] is produced for selection. If r p i  , the onlooker bee produces a new solution near the selected food source, according to Eq (10),(11),
Use the same greedy choice method to determine the new food source as that in employed bee stage. That is, if the new food source i V is better than the original one The process is as follows,
Scout bee stage
In the scout bee stage, if a food source cannot be improved during a predefined limittimes of iteration, the current food source is abandoned and the onlooker bee change role into a scout bee to search for a new food source to replace t i X , as show in Eq (14),
The above is the three core parts in ABC algorithm, that is, the employed bee searches for food source, the onlooker bee choices food source to search by roulette wheel select scheme, and the scout bee surveys in search space randomly.
Simplex Method
Simplex method [11] - [15] is a traditional optimization method, which was proposed by Spendly, Hest and Himswaorth. Simplex is the convex hull which has 1  n vertices in the n R . Simplex method searches a point with smaller function values in the existing simplex. For example, we select a set of points ，the point with maximum function values is moved to the center of gravity in opposite direction randomly, which helps to explore various possible points in the space.
(2)Expansion operation.
, the new point with maximum fitness values are used to continue to expand further from the maximum vertex. If the current minimum point is the local minimum point, the expansion operation may make the point cross out the local minimum value region.
(3)Contraction operation. and we will search not in this orientation next, let 1 P be the center, compress 1 P P k and 1 P P l to the half of the simplex. Take the 1  n points obtained above as a new simplex and continue the operations of reflection, expansion and contraction till some termination criterion is satisfied. The simplex method has a strong local search ability and can search the solution space more comprehensively through the operations of reflection, expansion and contraction.
The Proposed Algorithm
In the scout bee stage of ABC algorithm, when a food source position cannot improved after a given limit times of iteration, it is replaced by some food source selected randomly. As the probabilities of random selection from good or bad food source are equal, the adjust scheme (14) is likely to lead a poor local search ability. Coupling simplex method into the ABC algorithm, we will get a hybrid ABC algorithm(SABC), which takes account of the stronger global optimization ability of ABC algorithm and local search ability of the simplex method.
In contrast to the detection strategy in ABC algorithm, SABC algorithm will search the food source without being updated by simplex method if counter is larger than the predefined limit. The rule of updating is as follows. Select randomly a set of points
, where X is the current best point, 
Coupling the simplex method in ABC algorithm will effectively help the ABC algorithm to overcome the blindness of search food source, which results in the proposed SABC algorithm to find the best solution more quickly. The process of SABC algorithm is as follows.
Step1 Initialize NP food sources and calculated their fitness values of each food source. Given parameters limitand set maximum iteration number to be max .
Step2 Produce new food source. Calculate fitness value of the new food sources and compare with the original fitness value. If the new food source is better than the original one according to their fitness values, then use the new food source to replace the original one and the counter i trail is set to 0, otherwise, the original food source is still kept and the counter i trail increases by 1.
Step3 Calculate the probability of food source selected by Eq (7), select food source to update by roulette wheel selection method, namely produce
randomly and compare i p and r .
Step4 If r p i  , the onlooker bee update the position of the food source by Eq (8) .
Step5 Compare the fitness value of new food source with the original food source, if the new food source is better than the original one according to their fitness values, then use the new food source to replace the original food source and the counter i trail is set to 0, otherwise, the old food source is still kept and the counter i trail increases by 1.
Step6 If the position of some food source cannot be improved over a predefined limit times of iteration, the associated employed bee discards its current food source and becomes a scout bee to search for a new food source by simplex method, and the counter i trail is set to 0.
Step7 Calculate the fitness values of all food sources, find and record the current best solution .
Step8 If the specified precision is satisfied or maximum number of iteration is reached, output the best solution obtained so far; otherwise, turn to Step2.
Experimental Results and Analysis
The following nine typical unconstrained optimization problems [16] are used to test the performance of the proposed SABC algorithm by comparing among ABC algorithm, GABC algorithm [17] and SABC algorithm. The objective function of these test problems are shown in Table 1 . 
Convergence Accuracy of Fixed Iteration Times
In order to further compare the performance of the algorithms and to reduce the influence of contingency, the experiment on each benchmark problems is repeated 30 times independently, and the average values of the relative results of the experiment are used to compare. To make a fair comparison, for the test functions 1 f ～ 9 f , the same parameters are set in the three algorithms. The population size is set to be 100, the parameter lim itis set to be 20, and the maximum number of iteration is set to be 3000. In the simplex method, parameters  ,  and  are set to be 1.5, 0.5 and 0.4,respectively. For the test functions Table 2 . 
Conclusion
An artificial bee colony algorithm(SABC) based on simplex method is proposed. The SABC algorithm employees the simplex method to update the food sources that don't improve over a predefined time period ) (limit . Compare to ABC algorithm, SABC algorithm overcomes the blindness searches, improves the search efficiency and speeds up the convergence rate of ABC algorithm. The numerical results on nine benchmark problems show that the proposed SABC algorithm performance well in convergence speed and precision compare to ABC algorithm and GABC algorithm. However, the optimization of multi-modal functions are not ideal, hence the problem needs to be further studied and discussed.
